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Limitations of Electrocardiographic Scoring Systems for Estimation of
Left Ventricular Function
STEPHEN G. YOUNG, MD, SUMAN ABOUANTOUN, MD, MARIOS SAVVIDES, MD,
E. BIRK MADSEN, MD, VICTOR FROEUCHER, MD, FACC
San Diego, California
Four electrocardiographic scoring systems for the as-
sessment of left ventricular function or presence of myo-
cardial infarction were evaluated in 231 patients with
coronary artery disease. Electrocardiographic scoreswere
compared with radionuclide ejection fraction and thal-
lium perfusion studies. The correlation between Wag-
ner's modified QRS score and ejection fraction was only
fair (r = - 0.60). Askenazi's sum of R wave voltage
score correlated poorly with ejection fraction (r =0.44),
as did Gottwik's sum of voltage score from the Frank
lead electrocardiogram (r = 0.44). Rautaharju's Car-
The therapeutic and prognostic importance of left ventricular
ejection fraction has been demonstrated in numerous studies
of patients with coronary heart disease (1-6). Recently,
several investigators have attempted to utilize the electro-
cardiogram to predict left ventricular function. Palmeri et
al. (7) found that a QRS scoring system (8) was highly
accurate in predicting regional wall motion disturbances and
depression of left ventricular function. In an autopsy study,
Ideker et al. (9) found a close correlation between this QRS
scoring system and the size of anterior infarction. Askenazi
et al. (10) showed that a sum of R wave voltages from a
routine electrocardiogram could predict left ventricular ejec-
tion fraction, and Gottwik et al. (11) found that Q and R
voltages obtained from the Frank orthogonal electrocardio-
gram contained valuable information for estimating ejection
fraction. Rautaharju et al. (12) proposed an electrocardio-
graphic scoring scheme for predicting the presence of a
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diac Infarction Injury Score did not reliably predict
presence of infarction in the patient group, nor did it
correlate well with ejection fraction (r = -0.49). None
of the correlations were significantly improved when only
patients with a history of a myocardial infarction, a
thallium defect compatible with a scar or a diagnostic
Q wave were considered. Although Wagner's QRS score
correlated best with ejection fraction, all scoring systems
had limited clinical usefulness for estimating ejection
fraction.
myocardial infarction. They found this scheme to be sen-
sitive and specific for prediction of the presence of infarc-
tion, but they did not relate the score to left ventricular
ejection fraction. The purpose of our study was to test the
hypothesis that left ventricular ejection fraction could be
reliably estimated by electrocardiographic scoring systems
in a series of consecutive patients with coronary heart disease.
Methods
Study patients. Two hundred sixty-eight patients with
coronary heart disease were studied. The following details
are given to describe the patients in this study to show how
our results apply to other patient groups and other similar
studies. The average age of the patients was 53 years and
all but 14 patients were men. Two hundred twenty subjects
were consecutive patients participating in a cardiac reha-
bilitation program between 1977 and 1982. All 220 had
objective clinical evidence of coronary heart disease; 168
had a history of a documented myocardial infarction and 96
met electrocardiographic criteria for a "transmural" myo-
cardial infarction based on abnormal Q waves. The re-
maining 48 subjects were consecutive patients evaluated
within 3 weeks of a coronary care unit admission between
1980 and 1982 as part of a Specialized Center for Organized
0735-1097/83/0601479-10$0300
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Research (SCOR) study. All 48 patients had enzymatic and
electrocardiographic evidence of acute myocardial infarction.
Electrocardiography. The rest supine tracing of an ex-
ercise electrocardiogram was utilized for all patients in the
cardiac rehabilitation program. Exercise electrodes were
routinely placed as far out on the base of the limbs as
possible to best simulate placement of electrodes on the
wrists and ankles. Standard 12 lead and Frank lead orthog-
onal electrocardiograms were obtained on a three channel
Marquette recorder at a paper speed of 25 mmls. Conven-
tional speed and sensitivity were used because these tech-
niques have been advocated for routine clinical use. In 60
unselected cardiac rehabilitation patients, standard limb lead
and exercise lead electrocardiograms were recorded on the
same machine sequentially. For all coronary care unit pa-
tients studied within 3 weeks of an acute infarction, standard
limb lead electrocardiograms were examined. Most of these
were three channel recordings. No Frank lead recordings
were obtained in these patients.
Two observers independently evaluated all electrocar-
diograms given to them in random order; tracings from
normal subjects or patients with other forms of heart disease
were not included for analysis. Each electrocardiogram was
judged to be normal or abnormal according to usual elec-
trocardiographic criteria. All tracings were evaluated for the
presence or absence of abnormal Q waves consistent with
prior infarction. An anterior Q wave infarction was defined
by Q waves 30 ms or longer localized to one or more anterior
leads; however, a solitary Q wave in lead VI was not suf-
ficient. An inferior Q wave infarction was defined by a Q
wave 30 ms or longer in lead aVF arid a Q wave 30 ms or
longer in leads II or III. A posterior infarction was defined
as an R wave equal to or greater than 40 ms in leads VI
and V2 , with R greater than S in lead VI. A lateral Q wave
infarction was defined as a Q wave equal to or greater than
30 ms in leads I, aVL and V6 •
Patients were excluded from consideration if the elec-
trocardiogram showed left or right ventricular hypertrophy,
bundle branch block, evidence of ventricular preexcitation,
left anterior fascicular block (axis of - 45° or greater) or
intraventricular conduction delay (QRS duration 110 ms or
greater), A total of 37 of the 268 patients were excluded
for these reasons, which left 231 for evaluation.
QRS scoring system. Four published electrocardio-
graphic scoring techniques were evaluated in our patients:
1) the modified QRS scoring system proposed by Wagner
et al. (8); 2) the sum of R wave voltage score based on a
routine 12 lead electrocardiogram proposed by Askenazi et
al. (10); 3) the sum of Rand Q wave voltages based on the
Frank lead electrocardiogram proposed by Gottwik et al.
(11); and 4) the Cardiac Infarction Injury Score (CIIS) pro-
posed by Rautaharju et al. (12).
All measurements necessaryfor determination ofthe scores
were made independently by two cardiologists. The mea-
surements were made with an 8X magnifying glass in all
cases and most measurements were made with a calibrated
magnifying glass. After all measurements on an electro-
cardiogram were made and recorded on a patient data record,
scores for the schemes were then calculated. Scoring was
performed independently by two different cardiologists
without referring back to the electrocardiogram. For pur-
poses of correlating measurements or scores with ejection
fraction, an average of the measures or scores obtained by
the two observers was used. 1) The modified QRS scoring
system proposed by Wagner et al. (8) depends on mea-
surements of Q and R duration and ratios of amplitudes in
10 standard leads. The first observation in each lead is the
duration of the initial Q or R wave. Within each lead, only
the duration criterion that yields the highest number of points
are applied. The second observation is the amplitude ratio.
For the amplitude ratio to be considered, the initial Q or R
wave included in the ratio must meet one of the duration
criteria. When the amplitude ratio does not include an initial
Q or R wave, such as the R/S ratio in leads V4 to V6 , the
ratio criterion is applied regardless of whether a duration
criterion is met within that lead (Table 1). 2) The sum of
R wave voltage scores proposed by Askenazi et al. (10) is
simply the sum of the R wave voltages in the eight unipolar
leads, aVL, aVF and VI to V6 . 3) Gottwik et al. (11) pro-
posed a score calculated from the sum of voltages from the
R wave in lead x, the R wave in lead y and the Q wave in
lead z. 4) Rautaharju's simplified Cardiac Infarction Injury
Score for practical visual coding of electrocardiograms (12)
requires 12 component observations utilizing nine standard
leads (II, III, aVL, aVF, VI to Vs) and two inverted leads
(-aVL and -aVR). Five observations are T wave ampli-
tudes; the other seven are Q wave duration, R or S wave
amplitudes and Q/R ratios. The score assigned to each com-
ponent depends on satisfying threshold requirements in the
component lead Dr leads. The total score is the sum of the
scores from the 12 component observations (Table 2).
Radionuclide ejection fraction andthallium perfusion
studies. Multiple electrocardiographic gated equilibrium
radionuclide angiography was performed in all of our pa-
tients using a method previously described (13-16). The
ejection fraction was calculated from the time activity curve
according to the formula:
EF
EDc - ESc
= X 100
EDc '
where EDc is left ventricular count at end-diastole and ESc
is left ventricular count at end-systole. The ejection fraction
calculated by this technique has been shown to correlate
well with ejection fraction determined by biplane cinean-
giography, with a correlation coefficient of 0.92. The error
of the radionuclide ejection fraction can be estimated as less
than 5% (13). In nearly all cases, the radionuclide ejection
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Table 1. Wagner's Modified QRS Scoring System*
Maximal
Lead Duration (rns) Amplitude Ranos POints
I Q ;:" 30 (I )t R/Q :S I ( I ) 1
II Q ;:" 40 (2)
Q ;:" 30 (I) 1
aVL Q ;:" 30 ( I ) R/Q :S I (I) :2
aVF Q ;:" 50 (3) R/Q :S I (1)
Q ;:" 40 (1)
Q ;:" 30 (I ) R/Q :s 2 (I) 5
V, Any Q ( I)
R ;:" 50 (2)
R ;:" 40 (I ) RIS;:" I ( I ) 4
V2 Any Q or R :s 20 (I)
R ;:" 60 (2)
R ;:" 50 (I) RIS;:" 15 (I) 4
V3 Any Q or R :s 30 (I) I
V4 Q ;:" 10 (I) R/Q or RIS :s 0.5 (2)
R/Q or RIS :s I ( I) 3
V5 Q ;:" 30 ( I ) R/Q or RIS :s I (1)
R/Q or RIS :s 2 ( I) 3
V6 Q ;:" 30 ( I ) R/Q or RIS :s I (1)
R/Q or RIS :s 3 ( I) 3
*See Reference 8.
tThe number of points awarded for meeting each cn tenon IS In parentheses.
fraction was obtained on the same day as the
electrocardiogram.
Rest and exercise thallium studies were performed in 203
(all but 17) of the cardiac rehabilitation patients. Images
were obtained in the right anterior oblique, 45° left anterior
oblique and anteroposterior views immediately after peak
exercise, and redistribution scans were obtained at 4 hours
after exercise. A defect at peak exercise that persisted on
the redistribution scan was considered to be a myocardial
scar. Thirteen scans were interpreted as equivocal for myo-
cardial scar and were therefore not included for analysis. A
defect at peak exercise that filled in on the redistribution
study was considered to represent ischemia.
Statistical analysis. Radionuclide ejection fraction and
electrocardiographic measurements and scores were corre-
lated by linear regression analysis as provided in the BMDP
statistical software package (17). The one-tailed hypothesis
that a given correlation coefficient was greater (or less than)
zero was tested by computing the appropriate statistic which
has a Student's t distribution with n - 2° of freedom (18).
For testing the hypothesis that two correlation coefficients
were equal (two-tailed test), an approximately normally
distributed statistic was computed (18). Sensitivity was de-
fined as the percent of patients with coronary heart disease
with an abnormal ejection fraction « 50%) that have an
abnormal score (True positive/True positive + False neg-
ative). Specificity was defined as the percent of subjects
with a normal ejection fraction (:::: 50%) that have a normal
score (True negative/True negative + False positive).
Results
Interobserver agreement (Table 3). Agreement of scores
between observers was examined by linear regression anal-
ysis. The correlation between the two observers' scores for
all scoring systems was quite high. For the modifiedWagner
QRS scoring system, the correlation coefficient was 0.98,
with a standard deviation of scores between observers of
0.67.
Limb lead versus shoulder lead electrocardiograms
(Table 3). A comparison of scores derived from exercise
lead and routine limb lead electrocardiograms was made in
60 unselectedpatients who underwentcardiac rehabilitation.
The correlation of scores from the two lead systems was
quite high.
Correlations of QRS Scores With Ejection Fraction
Wagner's modified QRS score (Table 4). The corre-
lation between ejection fraction and Wagner's QRS score
for the entire patient group was fair (r = - 0.60). The
relationwas not improved when we considered only patients
with a history of a prior infarction (r = - 0.56), or only
patients with electrocardiographic Q wave infarction (r =
- 0.50). When patients with a history of infarction and a
myocardial scar on thallium scan and Q wave infarction
were considered, the correlation coeffi cient was - 0.52.
Interestingly, the group with inferior Q waves had a low
correlation (r = - 0.31). The regression equation that re-
lated ejection fraction to the QRS score for the entire patient
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Table 2. Rautaharju 's Simplified Card iac Infarction Injury Score (CIIS) Classified for Pract ical Visual Coding
of Elcctrocardiograms*
Component Lead Feature Threshold Score
aVL Q duration in seconds Q absent 5
(measured to 0.010 I
nearest threshold) 0.020 3
0.030 9
0.040 10
0050 12
2 aVL T amplitude in 10m. If :s 0.05 or 3
T negative add 2 2 3
points for each 10m
3 -aVR R amplitude in 10m = - I - R
R (subtract I pomt
for each 10m)
4 - aVR T amplitude (positive 0 6
phase) in 10m. I 3
Subtract 2 2 0
additional points for 3 2
each 10m exceeding 4 5
4
5 II. aVF Largest Q:R amplitude 2 1120 12
ratio
6 III .-aVL Largest Q duration in 20.040 5
seconds
7 III T amplitude (negative > 1 5
phase) 10 10m
8 VI T amplitude (positive > " 5
phase) 10 10m
9 Vz R amplitude in 10m < 3 or 5
2 14
10 Vz T amplitude (negative 2 1/4 5
phase) in 10m
I I V., Q:R amplitude rano > 1/20 9
12 Vs S amplitude in 10m < 2 5
*See Reference 12.
The amplitudes are measured in standard rnilhmeters (I 10m = 0.1 rnv ), Further guides to the proper use of this system are found in Rautaharju's
description of the scoring system ( IZ ) .
Table 3. Interobserver Agre ement and Agreement of Limb and Shoulder Leads
Agreement of Limb and Shoulder Scores
(60 unselected patients)
Method
Wagner's QRS
score
CIIS
Sum of R wave
score
XR + YR +
Z::J score
Correlation
Coefficient
0.98
0.97
0.99
0.99
Interobserver Agreement
(all patients)
Standard Deviation
of Difference
Between
Observers
0.67
2.94
028 mV
0.06mV
Correlation
Coefficient
0.98
0.93
0.98
0.93
Standard Deviation of
Difference Between
Scores
From Different
Lead Systems
0.68
5.05
0.379mV
0.2 mV
ells = Cardiac Infarction Injury Score.
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group was y = 61 - 2.5 x, where y = ejection fraction
and x = QRS score.
The time after myocardial infarction did not substantially
affect the correlation of ejection fraction and QRS score.
Although the scoring system seemed to correlate with ejec-
tion fraction better in the group more than 12 months after
myocardial infarction, the higher correlation coefficent was
not significantly greater (probability [p] > O. 1) than in the
group less than 12 months after myocardial infarction.
A QRS score greater than 3 predicted an ejectionfraction
of less than 50% with a sensitivity of 66% and specificity
of 80%. A QRS score greater than 6 was 37% sensitive for
predicting an ejection fraction less than 50%; the specificity
was 96%. A QRS score greater than 3 was 55% sensitive
for prediction of a myocardial scar on thallium scan. A score
greater than 6 was 24% sensitive for prediction of a scar
on thallium scan; the specificities were 82 and 92%,
respectively.
A low QRS score did not reliably predict a normal ejec-
tion fraction in patients with prior myocardial infarction.
Seventy-one patients with a history of an infarction had a
QRS score less than 3. Nineteen (26%) of the 71 patients
had an ejection fraction less than 50%.
The sum of R wave voltage scores (Table 5). The sum
of R wave scores from the routine electrocardiogram did
not correlate highly with ejection fraction (r = 0.44). This
relation was not significantly improved when only subgroups
with a history of infarction (r = 0.49) or those with Q wave
infarction (r = 0.39) were considered. When inferior and
anterior Q wave infarctions were considered separately, the
correlations were quite low (r = 0.24) and were not sta-
tistically different from zero. The time since infarction did
not affect the correlation between the sum of R wave voltage
and ejection fraction.
A sum of R voltage less than 3 mV had only a 34%
sensitivity for predicting an ejection fraction less than 50%;
4 mV had a 45% sensitivity. The specificities were 95 and
87%, respectively.
Frank lead sum of voltage score. Individual Rand Q
wave amplitudes from Frank lead electrocardiograms cor-
related poorly with ejection fraction (Table 6). Neither the
sum of the forces in a plane nor the sum of XR + YR +
ZQ correlated well with ejection fraction. Consideration of
subgroups of patients with a history of myocardial infarction
or Q wave infarction did not improve the correlations be-
tween Rx + Ry + ZQ and ejection fraction (Table 7).
Table 4. Correlation of Wagner's QRS Score With Ejection Fraction
63 6.0 ± 3.2 0.43 ± 0.13 -052 Y = 55 - 2.lx
35 4.4 ± 3.6 0.50 ± 0.14 -0.56 Y = 59 - 2x
57 3.7 ± 3.0 0.52 ± 0.11 -0.45 Y = 58 - 1.5x
80 4.3 ± 3.4 048±0.15 -0.62 y = 60 - 2.8x
Mean Ejection
No Mean QRS Score Fraction
of ± Standard ± Standard Correlation Regression
Cases Deviation Deviation Coefficient Equation
231 3.4 ± 3.2 0.53 ± 0.13 -0.60 Y = 61 - 2.5x
172 4.1 ± 3.3 0.50 ± 0.13 -0.56 Y = 59 - 2.3x
108 5.8 ± 3.0 0.45 ± 0.13 -0.50 y=57-2.lx
47 4.5 ± 2.1 0.51 ± 0.10 -0.31 y = 58 - l.4x
51 6.0 ± 2.8 0.41 ± 0.12 -0.46 Y = 52 - 1.7x
10 10 ± 2.6 0.36 ± 0.10 -0.20* Y = 44 - 0.7x
Group
All patients
History of MI
ECG Q wave mfarction
Inferior and/or posterior
ECG Q wave
infarction
Anterior and/or lateral
ECG Q wave
infarction
Antenor and/or lateral
Q wave infarction
and mferior and/or
posterior Q wave
mfarcnon
History of MI and ECG
Q wave infarct and
thallium scar
CCU patients < 3
weeks after
infarction
Rehabilitation patients
1-12 mo after
infarction
Rehabilitation patients
>12 mo after
infarction
*Not significant, p > 0.05.
CCU = coronary care unit; ECG = electrocardiogram; MI = myocardial mfarction
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Tab le 5. Correlation of Askenazi's Sum of R Wave Score With Ejection Fraction"
Sum of R Wave Ejection Corre lation
Group No. of Cases Voltages (rnv ) Fraction ( '70) Coefficient
All patients 231 54:t2.3 053 ::!: 0 . 13 0.4 4
History of MI 172 5 1:t24 0.50 ::!: 0 13 0 .49
ECG Q wave infarction 108 4.6 :t 26 045 :t 0 . 13 0 .39
Inferior and/or postenor ECG Q 47 6.3 :!: 2.0 05 1 ::!: 0 . 10 0 .24t
wave infarction
Anterior and/or lateral ECG Q 51 3.3 :!: 2.2 0.4 1 :t 0 . 12 0 .24·f
wave infarction
Antenor and/or lateral Q wave 10 30 :!: 2.0 0 .36 ::!: 0.10 - 0.5 It
infarction and inferior and/or
posterior Q wave mfarction
History of MI and thallium scar 63 4.3 :t 2.3 0 43 :t a 13 0 44
and ECG Q wave infarction
CCU patient < 3 wk after 35 4.5 :t 2 3 0.50 ::!: 0 . 14 0 .50
mfarction
Patients 1- 12 mo after infarction 57 5.2 :!: 22 a 52 :t 0. 11 036
Patients > 12 mo after infarction 80 53 :!: 2.5 048 ::!:O. 15 0.4 8
*See Reference 10. f Not significant, p > 0.05 .
Abbreviations as 10 Table 4 .
Cardiac Infarction Injury Score (CIIS) (Table 8). The
correlation between the ells and ejection fraction was poor
(r = 0.49) and was not improved in any subgroup of pa-
tients. A ells score of IS or more was 71% sensitive for
detecting patients with a history of infarction ; a score of 20
or more was 64% sensitive . The specificities were 67 and
85%, respectively.
A ells score of IS or more was 76% sensitive for iden-
tifying patients with a myocardial scar on a thallium per-
fusion scan; a score of 20 or more was 66% sensitive. The
specificities were 62 and 76%, respectively.
Compar ison of scoring methods. In general, the dif-
ferent methods for scoring electrocardiograms correlated
poorly with each other. The only except ion to this gener-
alization was the relation between Askenazi' s sum of R score
and Gottwik' s XR + YR ± ~ score (Table 9).
In the total group and in almost every subgroup of pa-
tients, Wagner's QRS scoring system seemed to correlate
best with ejection fraction. In most cases, however . the
higher correlation coefficien t was not significantly higher.
In the entire group of patients , Wagner's QRS score cor-
related with ejection fraction significantly better than the
sum of R wave score (p < 0.02) and the sum XR + YR +
Zo (p < 0.05) , but not significantly better than the ells
scheme (p > 0.05). In the group with prior infarction , it
was significantly better than the ells score (p < 0.05), but
not the other two scoring methods.
Predictive value of a normal elect r ocardiogr am or one
with a Q wave infarction. A completely normal electro-
cardiogram was a relatively good predictor of a normal
ejection fraction. Ninety percent (83 of 92) of our patients
with a normal electroc ardiogram had an ejection fraction
greater than 50%. Sixty-four percent (69 of 92) of patients
with a diagnostic Q wave had an ejection fraction less than
50%.
Discussion
The electrocardiogram is an accepted diagnostic tool par-
ticularly useful in the management of patients with coronary
Table 6. Correlation of Frank Lead Voltage and Ejection Fraction in 187 Patients
Q
Wave
Voltage
R
Correlation Wave Correlat ion Voltage Correlation
Coefficient Voltage Coefficient Sum Coeffic ient
-016 XR 0.33 Xo + XR 0.30
-0. 13* YR 023 Yo + YR 0. 19
0.41 Z R - 0 46 Zo + Z R - 0 .22
XR + YR + Z Q 044
*Not Significant, p > 0.05 .
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Table 7. Correlation of Sum of XR + YR + ZQ With
Ejection Fraction
heart disease because it is economical and easy to perform.
Numerous studies have correlated electrocardiographic evi-
dence of myocardial infarction with cineangiographic or
pathologic findings (19-24). In general, the electrocardio-
gram has proved useful in localizing areas of asynergy or
scar although certain limitations have been demonstrated (9,
19, 21, 23, 24). Although electrocardiographic findings do
have prognostic and diagnostic power (25,26), it appears
that left ventricular function and the size of myocardial scar
are more important determinants in prognosis (2,6). Un-
fortunately, techniques for assessment of left ventricular
function are more expensive and difficult and a reliable
clinical method for the measurement of infarct size has not
yet been found (27). Therefore, easily applied electrocar-
diographic schemes predicting left ventricular function would
have great importance for the clinician. Recently, there have
been attempts to correlate left ventricular function with elec-
trocardiographic findings. It was the purpose of our project
to further investigate the clinical utility of schemes that relate
ventricular function and electrocardiographic findings.
Wagner's modified QRS score. Palmeri et a1. (7) found
a relatively good correlation (r = - 0.88) between global
left ventricular ejection fraction and Wagner's original QRS
scoring system, and they suggested that the left ventricular
ejection fraction (LVEF) could be estimated from the QRS
score using the equation: LVEF% = 60 - (3.0[QRS scorej)
(7). They found that a QRS score greater than 3 was 93%
sensitive and 88% specific for predicting an ejection fraction
of less than 50%. In a group of 25 patients 7 days after an
No.
of CorrelatIon
Cases Coefficient
187 0.44
132 0.44
85 0.37
38 0.24*
42 034
5 ~0.50*
Group
All patients
HIstory of myocardial
infarction
ECG Q wave infarction
Inferior and/or posterior
ECG Q wave infarcnon
Antenor and/or lateral ECG
Q wave infarction
Anterior and/or lateral Q
wave infarction and
inferior and/or postenor
Q wave infarction
History of MI and thalhum
scar and ECG Q wave
infarction
Patients 1-12 mo after
mfarction
Patients > 12 mo after
infarction
*Not SIgnificant.
p >0.05 Abbreviations as before
61
56
76
046
0.33
0.51
acute infarction, Seino et a1. (28) found a lower correlation
of the QRS score with ejection fraction (r = - 0.63).
In our study, we found a relatively poor correlation of
the QRS score and ejection fraction (r = -0.60). This
correlation was not improved when only the selected subgroups
of patients with a history of infarction (r := -0.56) or
electrocardiographic Q wave infarction (r = - 0.50) were
considered. Interestingly, we found a similar regression
equation for predicting left ventricular function: LVEF% :=
61 - (2.5[QRS score]). However, the correlation was so
low that the clinical utility of this scheme for predicting
ejection fraction in an individual patient with coronary heart
disease was quite limited. In our patients, a QRS score
greater than 3 had a sensitivity of only 66% for predicting
an ejection fraction of less than 50% with a specificity of
80%. We found that a QRS score less than 3 did not reliably
predict a normal ejection fraction (>50%) in a postinfarction
patient.
The reason for the lower correlation between Wagner's
QRS scoring system and ejection fraction in our studies is
not entirely clear. The total number of patients in our series
was substantially larger, but most of our patients were re-
cruited from a cardiac rehabilitation program rather than the
coronary care unit. A small postcoronary care group of
patients was included in our series and the correlation of
the QRS score and ejection fraction in this group of patients
was no different from that in the group of rehabilitation
patients. We used electrocardiograms performed with ex-
ercise test electrodes, but this probably made little differ-
ence. In a group of 60 patients, the electrocardiograms were
gathered both ways and yielded nearly identical QRS scores.
We used a calibrated magnifying glass for measurement of
amplitudes and durations in this study because subjective
differences in Q or R durations on electrocardiograms per-
formed at 25 mm/s can change scores substantially. The
independent measuring and scoring of electrocardiograms
in our study limited the bias introduced by ST and T wave
changes and the overall impression of the tracing.
Sum of R wave score. Askenazi et a1. (10) found that
the sum of R wave voltages in leads aVL, aVF and VI to
V6 correlated well with ejection fraction (r = 0.61) and
augmented ejection fraction (r = 0.77). We found lower
correlation between the sum of R wave score and ejection
fraction in the entire patient population (r := 0.44) and in
almost every subgroup of patients. The correlation was ex-
tremely low in the groups with anterior and inferior Q wave
infarction (r = 0.24). In our patient population, the low
correlations precluded using the scheme for predicting left
ventricular function. The reason for the lower correlation
in our study is not readily apparent. The number of patients
in this series was greater and radionuclide rather than an-
giographic ejection fraction was used. Using angiographic
ejection fraction, Askenazi et al. (10) found that highest
correlation was obtained with the postpremature ventricular
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Table 8. Correlation of Cardiac lnfarcnon Injury Score (CllS) With Ejection Fraction*
Group No. of Cases CIlS Correlation Coefficient
All patients 231 20 ± 13 -049
HIstory of MI 172 24 ± 12 -039
ECG Q wave Infarction 108 30 ±9 ~0.22
Inferior and/or posterior 47 28 ± 6 -O.IOt
ECG Q wave
infarction
Antenor and/or lateral 51 28 ± II -0.20';'
ECG Q wave
infarction
Anterior and/or lateral 10 42 ± 6 +018t
Q wave Infarction
and mfenor and/or
posterior Q wave
infarctIon
History of infarctron 63 31 ± 9 -022t
and thallium scar and
ECG Q wave
infarction
CCU patients <3 wk 35 26 ± 12 -040
after Infarction
Patients 1-12 mo after 57 24 ± 12 -0.31
infarction
PatIents > 12 mo after 80 23 ± 12 -046
Infarction
*See Reference 10. tNot significant. p >0.05
Abbreviations as 10 Table 4.
contraction (augmented) ejection fraction; because we used
gated radionuclide studies, postpremature ventricular con-
traction ejection fraction could not be evaluated.
Frank lead voltage score. Gottwik et al. (11) found
that the sum of the Frank lead voltages Rx + R, + Qz
correlated significantly with ejection fraction (r = 0.78).
Although we found similar voltages and ejection fractions,
the correlation between the voltage sum and ejection fraction
was substantially lower, both in the entire group (r = 0.44)
Table 9. Correlation Between Scoring Systems
Correlation Coefficient
Patients With
All Panents Q Wave Infarcnon
Wagner's QRS score 0.65 047
versus cns
Wagner's QRS score -0.55 -0.54
versus sum of R
wave score
Wagner's QRS score -050 -0.53
versus XR + YR
+ ZQ
CIlS versus sum of R -0.37 -0.30
wave score
Sum of R wave score 0.89 089
versus XR + YR
+ ZQ
and in most subgroups. The low correlations preclude using
this scheme for predicting left ventricular function in an
individual patient. There was a good correlation between
Frank lead voltages and the sum of R voltages from the
routine electrocardiogram; unfortunately, neither correlated
well with ejection fraction.
Cardiac Infarction Injury Scote (CIIS). The Cardiac
Infarction Injury Score was developed by Rautaharju et al.
(12) "to improve the accuracy and stability of ECG clas-
sification in ischemic heart disease." They found that the
system resulted in the identification of myocardial infarction
patients with extremely high levels of sensitivity and spec-
ificity. Their score provided reliable identification of in-
farction patients at different times after infarction and in
different infarct locations. We did not find similarly high
levels of specificity and sensitivity for identifying patients
with myocardial infarction in our study group. There was
not a clear separation in scores between patients who had
a documented myocardial infarction and patients who had
no history of an infarction. A score of 20 or more was only
64% sensitive for detection of patients with a history of a
myocardial infarction and only 66% sensitive for patients
with a myocardial scar on thallium scan. The lower sensi-
tivity and specificity in our series may reflect the fact that
our entire patient group had documented coronary disease.
Rautaharju's control group (12) had no history of coronary
heart disease. Like the other scoring schemes, the Cardiac
Infarction Injury Score (CllS) did not correlate well with
the radionuclide ejection fraction.
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Potential limitations in our study. Potential limitations
in this study include manual measurements and scoring, use
of exercise test electrode placement and use of radionuclide
rather than angiographic ejection fractions, because cardiac
catheterization was not performed in our patients. Even
with careful use of a calibrated magnifying glass, there is
potential error in making measurements on electrocardio-
grams performed at 25 mm/s; also, the overall impression
of the record, including ST and T wave changes, may have
introduced some bias. Most measurement and scoring prob-
lems could be minimized in the future by computerizing
these scoring schemes. The use of exercise test leads had
little impact on overall correlations. In our experience,
placement of the arm electrodes as far out on the shoulders
as possible produces little difference from the standard wrist
placement of electrodes (29). Although we believe that
there is limited reproducibility of regional wall motion ab-
normalities detected by radionuclide angiography, we have
found an excellent correlation between radionuclide global
ejection fraction and angiographic ejection fraction (13).
Conclusions. In general, Wagner's modified QRS score
(8) correlated best with ejection fraction; however, there are
substantial limitations in all of the scoring methods we eval-
uated for predicting ejection fraction or presence of myo-
cardial infarction in patients with coronary heart disease.
The low correlations between the score and ejection fraction
make it difficult to use any of these electrocardiographic
scoring systems for making diagnostic or management de-
cisions about an individual patient. The phenomenon of
initial reports showing higher correlations than subsequent
reports is quite common with diagnostic procedures in
cardiology.
We are indebted to Elizabeth Gilpin for her assistance with statistical
evaluation and to Lou Smith for her help in preparation of the manuscript.
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